T he method for identification of cervical spine (c-spine) injuries in blunt trauma patients has traditionally been clinical examination in complement with radiographic evaluation. In many trauma centers, initial evaluation of blunt trauma patients for c-spine injury includes clinical examination of the neck with mandatory radiographic evaluation despite a normal clinical examination in an awake and alert patient. This is likely due to the belief by many healthcare providers that clinical examination of the cervical spine is inadequate for detection of cervical spine injuries. Conversely, several prospective series have previously shown that clinical examination of the cervical spine is an extremely sensitive tool for cervical spine screening in awake and alert blunt trauma patients.
1Y13
Due to the high false negative rates associated with cervical spine plain radiographs, CT scanning has supplanted plain radiographs as the most common radiographic modality used to clear the cervical spine. In many centers, CT scan of the cervical spine is performed on all blunt trauma patients, regardless of findings on clinical examination. 14Y18 However, several previously published series support cervical spine CT scanning when warranted by a positive clinical examination. 13, 19, 20 The Eastern Association for the Surgery of Trauma (EAST) Practice Management Guidelines supports selective use of CT scan when clinically indicated. 21 Clinical examination of the neck in complement with selective CT scanning has recently been shown to provide a sensitive means for determination of cspine injury in awake and alert blunt trauma patients. 13, 19, 20 The concept that ''distracting injuries'' negate clinical examination as a screening tool for c-spine injury in awake and alert blunt trauma patients continues to perplex clinicians, particularly those clinicians who use clinical examination as their primary screening modality. Most trauma centers and clinicians that advocate clinical examination, forgo this screening tool in the presence of distracting injuries. The issue raised is: what constitutes a ''distracting injury''? The practicing clinician is left to define ''distracting injury'' at the bedside each time he or she is confronted with this scenario. Since its inception, the Advanced Trauma Life Support (ATLS) guidelines have advocated mandatory radiographic evaluation of the cervical spine in awake and alert blunt trauma patients with ''distracting injuries,'' yet, the guidelines fail to define ''distracting injury.'' 22 Recently, a prospective series suggested that clinical clearance of the cervical spine in the presence of ''distracting injuries'' can be accomplished with excellent sensitivity in awake and alert blunt trauma patients. 13 The authors concluded that mandatory CT scan is unnecessary in awake and alert blunt trauma patients with ''distracting injuries'' whose cervical spine is clinically cleared.
The purpose of this study was to prospectively evaluate a protocol that assesses the sensitivity and efficacy of clinical examination for screening of c-spine injuries in the awake and alert blunt trauma patient with ''distracting injuries.''
METHODS
During the 24-month period from December 1, 2009 to December 1, 2011, data were prospectively collected from all blunt trauma patients who were admitted as trauma activations at the University of South Alabama Trauma Center. All patients older than 13 years with a GCS of Q14 who sustained blunt trauma were entered in the study protocol. Patients were entered in the study regardless of ethanol level or presence of ''distracting injuries.' ' The University of South Alabama Investigational Review Board approved this study and approved waiver of consent for entry into this study. Data with regard to demographics and clinical examination were prospectively collected and documented in a data study form prior to performance of indicated radiographic evaluation.
For patients with GCS score Q14, clinical assessment for neurologic injury was performed through subjective questioning and physical examination to assess for spinal cord neurologic deficits. If neurological deficits were not identified, manual stabilization of the neck was initiated, and the cervical collar was removed. The patient was questioned for presence of neck pain and assessed for presence of neck tenderness by posterior palpation of the midline and lateral neck. If no complaints of neck pain or tenderness were elicited, the patient was asked to voluntarily flex (chin to sternum) and extend his/her neck. If no pain was elicited on voluntary flexion and extension of the neck, the patient was asked to voluntarily rotate his/her head 90 degrees to one side and then to the other side. If rotation of his/her head from side to side did not elicit pain, the c-spine was considered cleared and cervical collar removed. CT scanning of the c-spine was subsequently performed (Fig. 1 ). All patients with negative clinical examination of the cervical spine who had their cervical collar removed underwent CT Scan of the cervical spine. Plain radiographs of the cervical spine were not performed.
If the patient had complaints of neck pain, tenderness to palpation or pain on flexion, extension or rotation at any point during the clinical examination, the examination was terminated and the cervical collar replaced. At this point, the c-spine was not considered cleared, and a CT scan of the c-spine was performed. If the CT scan of the c-spine disclosed no abnormalities, the c-spine was considered cleared for c-spine injury and the hard cervical collar removed (Fig. 1) . Plain radiographs of the cervical spine were not performed.
The CT scanner used was a Somatom Plus 4 (Siemens, Erlangen, Germany) single-slice helical CT at 3-mm thickness with sagittal and coronal reconstructions.
Patients cleared clinically were cleared based on a GCS score Q14 and assessed to have clinical examination findings inconsistent with c-spine injury. Significance and number of ''distracting injuries'' were not a factor in the determination of clinical examination sensitivity, and clinical examination was considered valid without regard to the extent or presence of ''distracting injuries.'' Blood ethanol levels and urine drug screens were not routinely performed on patients entered in this study, and any results from these laboratory tests if performed had no bearing on c-spine management. C-spine management was based on patient's GCS at the time of c-spine clinical examination.
All patients arrived fully immobilized with cervical collars and were initially evaluated by the University of South Alabama Trauma Service. Clinical examinations were performed by general surgery house staff consisting of first-to fifth-year general surgery residents. Board-certified attending radiologists performed final radiologic study interpretation of CT scans, and these interpretations were the only interpretations used for c-spine clearance and data collection.
All injuries sustained by patients were recorded on the data study form. ''Distracting injuries'' as previously defined by Gonzalez et al. 13 were divided into three categories; head, torso, and extremity injuries (Table 1) .
RESULTS
During the 24-month study period, 761 blunt trauma patients with GCS Q14 and at least one ''distracting injury'' were entered into the study protocol. Of these patients 69% (429) were male and 31% (232) were female. The mean age of the patients entered was 39.3 years (range: 13Y89). The most common mechanisms of injury were motor vehicle crash 64%, fall 13%, motorcycle crash 9%, ATV crash 5% and assault 4%.
A total of 402 (53%) patients had more than one ''distracting injury.'' All ''distracting injuries'' are summarized in Table 2 . Patients who had multiple injuries in one anatomic area were considered to have a single injury in that anatomic area (i.e. a subdural and subarachnoid hemorrhage in the same patient was considered a single head injury). Two-hundred ninety-seven (39%) of the patients with ''distracting injuries'' had a positive c-spine clinical examination, 85 (28%) of which were diagnosed with c-spine injury (Table 2) . Four hundred sixty-four (61%, Table 2 ) of the patients with ''distracting injuries'' were initially clinically cleared, with one patient (0.2%) diagnosed with a c-spine injury. This yielded an overall sensitivity of 99% (85/86) and negative predictive value greater than 99% (463/464) for cervical spine clinical examination in awake and alert blunt trauma patients with ''distracting injuries.'' Of the eighty-six patients diagnosed with a c-spine injury, one injury was missed by clinical examination. This was in a 34-year old female with GCS 15, without neurologic deficits who had a humerus fracture, mandibular fracture and a left frontal intracranial contusion. The patient was diagnosed with a unilateral second cervical vertebra lateral mass fracture that extended into the transverse foramen. CT angiographic scan of the neck was negative for arterial injury, and the patient was successfully treated with a cervical collar.
During the 24-month study period, 544 blunt trauma patients who presented with GCS Q 14 had no ''distracting injury.'' Of these, 59 (10.8%) were diagnosed with cervical spine injury per study protocol. There was one missed injury (1.7%) in the no ''distracting injury'' group. The patient was found to have a C-6 lamina fracture and C-7 left superior facet fracture which were successfully treated with a cervical collar.
DISCUSSION
Clinical examination of the cervical spine has previously been shown to be a reliable method for clearance of the cervical spine in awake and alert blunt trauma patients. 1Y13 Many physicians and trauma centers advocate the use of clinical examination for screening of the cervical spine in blunt trauma patients, however, the efficacy of clinical clearance in the presence of ''distracting injuries'' has historically been of concern because it has long been felt that ''distracting injuries'' negatively impact the sensitivity of clinical examination. ATLS Guidelines 22 and EAST Practice Management Guidelines 23 advocates preclusion of cervical spine clinical examination in the presence of ''distracting injuries.'' ATLS and EAST guidelines have in some respects caused apprehension and confusion for clinicians because these guidelines fail to define ''distracting injury'' in the context of cervical spine clinical examination. The clinician is left in a dilemma as to what constitutes a ''distracting injury'' when clearing the cervical spine in blunt trauma patients. The data presented herein suggests that the concept of ''distracting injury'' in the context of cervical spine clinical clearance in awake and alert blunt trauma patients is a non-entity that need not be defined. ''Distracting injury'' is a notion that was originated without clinical scientific basis and should not be a consideration with regard to clinical clearance of the cervical spine. The severity of ''distracting injuries'' is not a factor with regard to efficacy and sensitivity of clinical examination. In this series, patients were not eliminated from clinical clearance due to severity, magnitude or number of ''distracting injuries,'' yet sensitivity of clinical examination was 99% for the identification of cervical spine injury. What dictates sensitivity and efficacy of the clinical examination in this patient population is the neurologic status of the patient. The awake and alert blunt trauma patient with GCS Q14 can have their c-spine clinically cleared successfully without regard to number or extent of ''distracting injuries.'' The authors of this manuscript feel the term ''distracting injuries'' in the context of cervical spine injury should be abandoned.
Cervical spine evaluation in blunt trauma patients has evolved with improvement of diagnostic imaging sensitivity and recent recognition that clinical examination is reliable and sensitive in detecting injury. The sensitivity of CT scan for the identification of c-spine injury has been established in the literature with sensitivities of 999% in most series.
13Y20,24Y29
Clinical examination in complement with CT scanning of the c-spine has been shown to be an efficient and sensitive method for c-spine clearance in awake and alert blunt trauma patients with ''distracting injuries.'' In a prospective series by Gonzalez et al., ''distracting injuries'' were found to have negligible impact on the efficacy and sensitivity of clinical examination in awake and alert blunt trauma patients and demonstrated a sensitivity of 999% for the detection of c-spine injury. 13 The authors concluded that routine CT scanning of the cervical spine was unnecessary in those patients with negative clinical examination of the c-spine and ''distracting injuries.'' A weakness of that study was patients with ''distracting injuries'' who were clinically cleared did not undergo definitive CT scanning of the c-spine to confirm that the negative clinical examination was truly negative. In the present study, all patients with ''distracting injuries'' who had negative clinical examination of the c-spine underwent CT scan of the c-spine, allowing for a determination of the true sensitivity of c-spine clinical examination in the presence of ''distracting injuries.'' It should be noted that in the present study, many of the ''distracting injuries'' were identified after clinical clearance of the cervical spine and after cervical spine CT scan was performed. This fact adds credence to the concept of cervical spine clinical clearance with ''distracting injuries'' because the ''distracting injuries'' need not be identified prior clinical examination of the cervical spine in awake and alert blunt trauma patients. Severity and extent of ''distracting injuries''do not alter the sensitivity of cervical spine clinical examination, whether the ''distracting injuries'' are identified or not.
Many trauma centers forgo clinical examination as a screening tool for detecting c-spine injury in the face of ''distracting injuries.'' 1Y8,11,14Y21,24Y29 According to the National Emergency X-Radiology Utilization Study criteria for c-spine screening, the presence of ''distracting injuries'' warrants cspine imaging. In that study, c-spine imaging was avoided in only 12.9% of patients identified by a simple decision instrument based on five clinical criteria. Our data has shown that 61% of patients with ''distracting injuries'' can be clinically cleared with an associated negative predictive value greater than 99% and sensitivity of 99%. This data should be especially relevant to trauma surgeons at Level 1 Trauma centers who see a higher percentage of severely injured multiple blunt trauma patients relative to their counterparts at lower level trauma centers. In this patient population, clinical clearance safely decreases the financial burden of mandatory c-spine CT scanning and allows for more efficient use of the CT scan for other medical diagnostics.
Recently, several authors successfully performed clinical examination of the cervical spine in awake and alert blunt trauma patients with ''distracting injuries. '' 9,12,13 In a prospective series, Velmahos et al. examined 549 fully alert, oriented, clinically non-intoxicated patients without complaints of neck pain who were able to follow complex commands. Velmahos determined that clinical examination in patients with ''distracting injuries'' effectively identified patients with c-spine injury. In a large multicenter prospective Canadian trial, Stiell et al. showed that regardless of ''distracting injury,'' clinical examination had 100% sensitivity for the identification of c-spine injury. In the two above cited studies, plain radiographs were used to diagnose c-spine injury. In the data presented herein, not only does clinical examination have an excellent sensitivity of 99% for identification of c-spine injury in the face of ''distracting injuries,'' but significantly decreased the number of cervical spine CT scans required to clear the cervical spine. Additionally, the present study utilized CT scan rather than plain radiographs in all patients with ''distracting injuries'' to corroborate findings on clinical examination.
The data presented in this study demonstrates that the number of cervical spine CT scans performed on all awake and alert blunt trauma patients with ''distracting injuries'' would have decreased by 61% (462/761) during the 24 month period. Based upon a $564 hospital charge for a cervical spine CT scan and $125 radiologist service charge at the University of South Alabama, this would have decreased total patient charges by $312,806 during the 24 month period. Moreover, radiation exposure would be decreased for blunt trauma patients with distracting injuries while maintaining a sensitivity of 99% for detection of cervical spine injury. A CT Scan of the the cervical spine with the Siemens Somatom Plus 4 emits an effective radiation dose of 0.8 mSV or 80 mrem. 30 The average radiation dose of Americans is 620 mrem per year, which translates to a cervical spine CT Scan adding an additional 13% to an average person's normal yearly radiation dose. 31 Clinical clearance of the c-spine in the awake and alert blunt trauma patient with distracting injuries safely decreases the financial burden of mandatory c-spine CT and reduces patient radiation exposure.
CONCLUSION
Clinical examination is a sensitive screening method for cervical spine injury in awake and alert blunt trauma patients with ''distracting injuries.'' The authors feel the term ''distracting injury''should be abandoned in the context of cervical spine clinical examination. Radiological assessment is unnecessary for safe clearance of the asymptomatic cervical spine in awake and alert blunt trauma patients with ''distracting injuries.'' Our findings suggest significant potential reduction of both healthcare cost and radiation exposure.
